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Buckling Don T Clark, Oct. 18, 2000

The purpose of this calculation is to determine optimum outer diameters for the probe casings, to
prevent buckling direct push and sonic load. This in not a formal analysis and need not follow
MCP-2374 for format, checking, etc. The results of this analysis support using a 2.5" outer diameter for
the Lysimeter, Tensiometer, and Vapor Port (Conesipper). In the case of the Soil Moisture Probe,

where consfrained fo either 1.75" or 2" off-the-shelf probe casings, the 2" is better.
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Approach [1, Sections 3-14 & 3-15];
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Materials: ORIGIN -1  kip m1000Ibf ksi #1000 psi
E 55t ™27.51C%psi Modulus of Elasficity for SST
Fu gt -8 75ksi Fy sst @ 30ksi  Ultimate & vield strength for 304/316 SST per ASTM A276

[2], used in ARA's instrument casing.
E cs®301C°psi  Modulus of Elasficity for CS

Fu 47 3-8 86ksi Fy 413°856ksi Uttimate & yield strength for AlSI 4130 [4], used in ARA's
instrument casing, per Wes Bratton telecom (7-7-2000).

Fu 434-8 10T ksi Fy 4348 69ksi Ultimate & yield strength for AISI 4340 [4], used in ARA's
probe casing, per Wes Bratton telecom (7-7-2000).
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Crm1.2 Fixed-pinned condition
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Lki 473 =112.648Buckling Indice for AlSI 4130 Carbon Steel (casing)

Lki 434 =101.483Buckiing Indice for AlSI 4340 Carbon Steel (instrument)
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P mast™® 37300lbf  Peak dynamic load along probe for 30,000-Ibf & 120 Hz input

Lgmlft Unbraced pipe buckling length  r-m1..1ows(E)
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Ls175' =(4.99 513 4.92)ft  [s20' =( 6.353 6.321 5.974 )t Sonic Peak Load Lengths

Ls175" =( 59.93 61.6 59.03)sn 1s20" =( 76.233 75.851 71.685)%n

P P
" mast , __ " mast _ )
S s] 75-';\_ S 5175 =23,02&ksi S s20 ] n S 520 =19Q.488ksi
175 20
S
=170 0768 S520
27.50 304 SST 41.34
Ws175 =] 28.268]lbf 4130 CS Ws20 =f 41.14)elbf
27.09 4340 CS 38.88

Sonic Buckling Case Lengths
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Material (1 3041316, 2-4130, 3-4340]
1.75" OD x 0.375" thk fube
2.0" OD x 0.375" thk tube
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P push™ 11000Ibf  Direct push load magnitude

11 ft  Unbraced pipe buckling length  r-® 1. rows(E)
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Lp175T =(7.41 6.16 5.64)ft LpQOT =( 8.93 7.308 6.675)ft Direct-Push Load Lengths
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Lp175T =( 88.92 73.94 67.72)%n Lp20T =( 107.158 87.701 80.096)*n

40.80 304 SST 58.12
Wp175 =f 33.932f¢lof 4130 CS  Wp20 =} 47.56*Iof
31.07 4340 CS 43.4
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Material (1-304/316, 2-4130, 3-4340)

1.75" OD x 0.375" thk tube
2.0" OD x 0.375" thk tube
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Summary;

Sonic Loading Safety Factor = 1.0 based on Fy (Material Yield Strength for minimum ASTM)
Direct-Push Loading Safety Factor = 1.25 based on Fy (Material Yield Strength - average)

Sonic Peak Load Direct-Push Load
lengths SST 4130 4340 Lengths SST 4130 4340
Ls175" =( 4.99 5.13 4.92)ft Lp175" =( 7.41 6.16 5.64 )t
Ls175" =( 59.93 61.6 59.03 J*in Lp176T =( 88.92 73.94 67.72)%n
55175 . . ,
— =0.768 Maximum compression/tension stress OK
FY sst

Rings Inst. Casing Rings Inst. Casing
Ls20" =( 6.353 6.321 5.974 )t Lp20T =( 8.93 7.308 6.675)ft
Ls20" =( 76.233 75.851 71.685)%n Lp20T =( 107.158 87.701 80.096)%n
s
—5-2-9 =0.649
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Sonic Buckling Case Lengths
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Material (1 -304/3r1 6, 2-4130, 3-4340) Material (1 -304/3’1 6, 2-4130, 3-4340)
1.75" OD x 0.375" thk tube 1.75" OD x 0.375" thk tube
2.0" OD x 0.375" thk tube 2.0" OD x 0.375" thk tube

C-7



Length Evaluation:

Lingt 3N« 6.5in# 12in Lingt =21.2in  Approximate length of SMR insfrument
{3"tip/lower, 6.5"rings, 12"-upper casing)
L ad™ 1&in Length of 4130 CS adapter constructed from 304/316 SST and 4130 CS.

L oxt=® 1'm Length of 4340 casing extension

L sTogef'L inst* L ac* L ext L Stage]=é.40<‘fﬁ Length of 1st stage to be put into ground
L L
_M =1.302 NG —_ST—%?-]. =1.072  Marginal - recommend reduce
mir(Ls175) mir( Ls20) adapter length. SONIC
mir(Ls175) =4.91%ft 4340 CS casing mir(Ls20) =5.974eft 4340 CS casing
weak link weak link
L L
el 1135 NG 9%l 006 oK
mir(Lp175) mir( Lp20) DIRECT
mir(Lp175) =5.644sft 4340 CS casing mir(Lp20) =6.675sft 4340 CS casing PUSH
weak link weak link

L sTop:' 2-ft  Length above ground probe is pushed to by RSl rig - could be varied by procedure.

L stage2® L stage® L stop L stageo=8-406t
L L
=39ge2 ;500 NG 519982 1 407 NG
mir(Ls175) mir( Ls20)
Mir(Ls175) =4.919%ft 4340 CS casing  min(Ls20) =5.974f 4340 CS casing ~ SONC
weak link weak link
L L
—19082 ;489 NG =S19%82 1050 NG
mir(Lp1795) mir( Lp20) DIRECT
mir(Lp175) =5.644ft 4340 CS casing  mir(Lp20) =6.675ft 4340 CS casing PUSH
weak link weak link
Lot => L gages®L stage® L stop= L ext L stages=5-125ft
L L
19982 1 042 Marginal =S1a982 _gse ok
mir(Ls175) mir( Ls20)
mir(Ls175) =4.919%ft 4340 CS casing mir(Ls20) =5.974sft 4340 CS casing SONIC
weak link weak link
L L
319982 5008 OK 39982 0768 Ok
mir(Lp175) mir( Lp20]) DIRECT
mir(Lp175) =5.644sft 4340 CS casing mir(Lp20) =6.675ft 4340 CS casing PUSH
weak link weak link

Length Summary:  ARA's 4340 CS casing is weak link of each length. Recommend that 2" OD is
used so that more options for length (adapter, stop, etc.) can be addressed. The 1.75" OD is too
limiting.
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